Effect of Annealing Temperature Ramp Rate on Microstructure & Hardness
of AA7050
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This study investigates the effects of annealing temperature ramp rates on AA7050 aluminum alloy V
microstructure and hardness for aerospace rivet applications. Samples were annealed at varying This work is sponsored
ramp rates (2, 4, 6 and 8°/min) and were subjected to mechanical and electropolishing to reveal the : :
microstructure which was analyzed, using Electron Backscatter Diffraction (EBSD). A reduction oy Vpl\zta M_ﬁtaés Ggorgla
peripheral coarse grain growth (PCG), or grain and hardness variation in the perimeter of the sample alrsvilie, Leorgia
Is desired to improve the AA7050’s quality.
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Purpose of Work Effect of Ramp Rate on Hardness Grain Size Distribution

Figure 1 shows the change in hardness for 16 AA7050 sections annealed at the four
temperature ramp rates, measured one-day post annealing. A One-WWay ANOVA
revealed a significant effect of ramp rate on hardness change (p-value = 0.001).
Turkey pairwise comparisons identified 6°F/min as producing a significantly
greater hardness reduction than all other ramp rates (Group B), while 2, 4, and
8°F/min did not differ significantly from one another (Group A).

Vista Metals supplies AA7050 to customers in the aerospace industry to draw the
extruded and hot rolled rod into rivets. The final application of the AA7050 is what
determines the rigorous standards this alloy must meet, both mechanically and
microstructurally. Rivets must be capable of being compressed to a small size
without cracking. As a result, quality is of utmost importance because a variation in
the grain structure can become a crack when driving an aluminum rivet. Cracks
within the rivets can become a site for failure in the final product.

Grains were segmented using a custom Python
script based on their unique color fingerprints.
After cleaning the data, equivalent circle diameters
were calculated to obtain grain size statistics.
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hardness during heat treatment, before & after age hardening has occurred.
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Four 1-inch samples per rod were randomly assigned to different temperature ramp 2 Std. Dev: 84.43 pm
rates (within furnace operating limits), followed by a 4-hour soak at 670°F based on 2 pnesting Tomporature Ramo Rate (Fimin 8 G
prior Vista Metals optimization. Samples were then air cooled to room temperature. g .
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Temperature Target #1 400°F were taken in the peripheral coarse grain region of the sample. Each grain is ° "
Ramp Rate #2 2°FE/min | 4°F/min | 6°F/min | 8°F/min colorized according to its crystallographic orientation. « Comparing grain size at ramp rates 8°F/min and 4°F/min revealed that the
(400°F to 670°F) « Images (a) and (b) had the highest ClI of the data collected, 0.176 and 0.171, average grain size increased at a lower ramp rate (76.90um vs 99.22um).

670°F for a 4-hour hold time
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Mechanical Polishing
Samples were polished from 400- 4000 grit SiC then finished with 0.3 ym alumina.

respectively, and were used for subsequent analysis.

* |PF noise is attributed to mechanical deformation and electropolishing artifacts
(oxides or pitting), corresponding to regions of low CI.

« Alower ramp rate of 4°F/min had larger maximum grain sizes in the perimeter
region. These grains >200um could be indicative of peripheral coarse grains.

* Due to noise, sample (b) did not capture as many grains for analysis compared to
sample (a), hindering statistical analysis power due to the lower sample size.

Figure 3

Electropolishing

Electropolishing was utilized to remove the
final layer of mechanically induced

deformation and anodize the sample g
surface. Post polishing, samples were rinsed

Conclusion & Recommendations
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in a sodium bicarbonate solution and DI e Woric Coper or e
water to stop residual reactions. Two

: - | | « Annealing ramp rate significantly affected hardness one day post-annealing, with
electrolytes were considered, with Barker's [ ) (e ) 9 P J y yp 9,

6°F/min producing the greatest softening; however, this effect diminished after
age hardening, suggesting that natural aging after a month reduces the influence
of ramp rate on final hardness.

Reagent being preferred due to less pitting
under optical microscopy.

Electropolishing Apparatus

Phosphoric Acid: Explored as a safer

Barker's Reagent: A standard solution « Recommendation: EBSD could be used at larger fields to image a statistically

(ASTM E407) tor revealing the grain alternative to perchloric acid based on o significant number of grains and regions in each sample to determine ramp rate’s
polarized light for grain size evaluation. voltage found to be 9.5V. St - . .
& * No significant difference was found between center and peripheral

- Experimentally Determined Ideal
Polishing Time = 2.5-5 sec

- Experimentally Determined Ideal

Polishing Time = 40 sec microhardness at any ramp rate, indicating PCG did not measurably impact

hardness in this study.

oy  Recommendation: Increase the number of hardness measurements taken
R (within and outside peripheral region) to improve statistical power for
i detecting PCG effects.

* Lower ramp rates seem to be more prone to produce larger grain sizes (potential
PCG) with more variation across sample microstructure as seen in sample (b).

Hardness in the Periphera| Coarse Grain Region « Recommendation: Optimizing polishing to improve sample quality

enhances grain detection which may reveal undiscovered trends.

* Improvements in grain segmentation algorithms would improve statistical
quality by removing noise.
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EBSD Figure 4 shows a box plot of peripheral microhardness measurements across the
four annealing ramp rates, with the average center microhardness overlaid for
comparison. Two outliers were identified at 2°F/min and 6°F/min using the 1.5xIQR
threshold and excluded from p-value calculations, as their hardness values were
substantially higher than the other sample measurements at that ramp rate.

Electron backscatter diffraction was performed using an EDAX detector on a Quanta
650 SEM and analyzed with OIM software. Grain boundaries were identified where
pixel-to-pixel misorientations exceeded 15°, enabling quantification of
recrystallization and grain size distributions. Samples annealed at different ramp
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